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Description 

This invention re lat s Jo a granular fertilizer with a decomposable coating and a process for producing 
v the same. More particularly it relates to a granular fertilizer with a decomposable coating containing a poty- 
s i^hydroxy-3-alky (propionic acid as an indisp nsabl component thereof and if necessary, a light-decom- 
posable resin, and a process for producing the same. 

As to the coating of Ihe fertilizer of the present invention, the 3-hydroxy-3-propionic acid polymer 
contained in the coating is decomposed mainly by microorganisms in the soil, while the photo-degradative 
resin component optionally contained in the coating is degraded mainly by light on the surface layer of the 
)0 soil; hence after application of the product of the present invention, the coating remains neither in the soil 
nor on the surface layer of the soil. Further, it is possible to add various adjuvants or agents to the coating 
of the present invention for adjusting the dissolving-out of the granular fertilizer. 

Various researches have so far been made in order to cause the dissolving-out of the ferilizing 
component contained in granular fertilizers applied to the soil to correspond to the needs of crops 
is accompanying their growth, or in order to prevent the moisture absorption or caking of granular fertilizers 
during their current process. One of such researches is directed to a process of coating the surface of 
granular fertilizers with high-molecular compounds. For this coating, either of thermosetting or thermoplastic 
resins have been used. However, coating with such high-molecular compounds has raised various problems 
as described below. 

20 As to processes using thermosetting resins, the following resins have been disclosed: 

for example, styrenized alky Id resins and phenolic resins (British patent No. 954,555), fatty oil-modified 
alkyd resins, fatty bil-dicyclopentadiene copolymers and diisocyanate-modified fatty oil polymers (Japanese 
patent publication No. Sho 40-28,927/1965), phenolic resins (Japanese patent publication No. Sho 44- 
28,457/1969), etc. 

25 Further as to processes using thermoplastic resins, the following resins have been disclosed: 

for example, polystyrene, polyvinyl chloride, polyvinylidene chloride, polyacrylonitrile, polyethylene and 
polyfluorinated alkanes or copolymers consisting of two or more constituting unit monomers of the 
foregoing (British patent 815,829) and emulsion-polymerized vinyl acetate liquid (Japanese patent publica- 
tion No. Sho 37-1 5.832/1962). 

30 When high-molecular compounds, particularly thermoplastic resin solutions or their emulsion-polymer- 
ized liquids are used as the coating material, the following problem arises : 

Japanese patent publication No. Sho 42-13.881/1987 discloses that when the surface of granular 
products is coated with a liquid resin or a stringing resin, coaling with only several percentages of such 
resins causes particles to adhere to one another to form a block, not individual granules; hence uniform and 

35 thick coating is difficult. 

Japanese patent application laid-open Nos. Sho 50-99,858/1975, Sho 51-75,674/1976 and Sho 53- 
98.265/1978. each directed to a process for coating granular fertilizers, previously invented by the present 
inventors, disclose that the properties of the resin solution and choice of drying conditions cause no 
blocking during the coating process and coating is effected by way of a single process and efficiently. 

40 Japanese patent application laid-open No. Sho 50-99,858/1975 discloses a process for coating granular 
fertilizers wherein, when granular fertilizers are coated with a coating material composed mainly of 
polyolefins. a solution of the coating material is sprayed on granular fertilizers and at the same time with the 
coating, the coated material is dried by a high speed hot air stream. The specific feature of the process 
consists in that (1) it is possible to afford an extremely thin and uniform coating and also (2) it is possible to 

*<5 adjust the dissolving-out rate of the fertilizing component by dispersing a surfactant as an agent for 
adjusting the dissolving-out rate in the coating. 

Japanese patent application laid-open No. Sho 51-75,674/1976 discloses that vinylidene chloride 
polymer resins and an ethylene-vinyl acetate copolymer the vinyl acetate content of which is 5% by weight 
or less can coat granular fertilizers uniformly and extremely thinly as in the case of use of polyolefin resins. 

so Japanese patent publication No. Sho 60-37,074/1 9B5 discloses that coating of granular fertilizers with 
polyolefin resins, ethylene-vinyl acetate copolymer and a surfactant can control the dissolving-out of the 
fertilizing component with a high stability. 

Further, Japanese patent publication No. Sho 60-3.040/1985 and Japanese patent application laid-open 
No. Sho 55-1.672/1980 discloses that when mineral powder such as talc or sulfur is dispersed in the coating 

55 of the above-mentioned polyolefin resins, etc., the function of controlling the dissolving-out is kept and also 
the degradation and decomposition of the remaining capsule after the dissolving-out are promoted. 

Such a s ries of coating t chniques developed by the present inventors have b en further developed 
and practically employ d for coating granular urea or chemical compounds and the resulting products have 
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come to be broadly used as fertilizers superior in control of the dissolving-out. As to these fertilizers, while 
the dissolving-out can be continuously controlled over several hours to several years without varying the 
thickness of the coating, the dissolving-out basically exhibits a slow-release pattern and the capsule 
remaining after the dissolving-out of the fertilizing component is deteriorated or decomposed by light or 
5 oxygen. However, appearance of a coated granular fertilizer has been desired by the consumers, which 
fertilizer is those of slow-release type coated with a more microorganism-decomposable material or those of 
time capsule type the capsule of which Is rapidly decomposed by microorganisms after the dissolving-out 
of the fertilizing component. 

In view of these situations, the present inventors have made extensive research directed to a slow- 
w release type fertilizer which is based on a microorganism-decomposable material and optionally controllable 
and a time capsule type fertilizer which does not dissolve out during a definite period, but thereafter 
dissolves out during a short period, and as a result have found the present invention. 

We have confirmed that poly 3-hydroxy-3-alkylpropionic acids t particularly those wherein the alkyl 
group thereof is methyl or ethyl, are a microorganism-decomposable, and thereafter, in order to complete 
75 the present invention, the polymers have been dissolved in various solvents and coating has been carried 
out with the solutions. In the case of some of the solvent solutions, as they were added in spray form, the 
coating material became adhesive and particles during the coating adhered to one another; hence it was 
impossible to coat single particles. Further, in the case of others, a tough coating specific of high-molecular 
compounds could not be obtained. As a result of trial and error, according to the following process referring 
20 to a coating process invented by the present inventors and disclosed in Japanese patent application laid- 
open No. Sho 50-99, 858'1 975, It has been possible to uniformly coat single particles: thus the process of 
the present invention has been found. 

In order to complete these techniques, a high-molecular material satisfying all of the following items (1 ) 
to (5) should be found: 

25 (1) the material is a tough high-molecular material which is easily decomposed by soil microorganisms; 

(2) it is possible to develop a coating-process technique wherein the material is used; 

(3) the product obtained by coating process with the material can control the dissolving-out; 

(4) when the material is made composite with other materials, it is possible to control the dissolving-out 
rate within a broad range; and 

30 (5) even under conditions where the material is attacked by soil microorganisms in the soil, control of the 
dissolving-out is possible. 

At the initial stage of such detecting research, various high-molecular materials were investigated and 
chosen, and evaluation was made as to whether or not the materials embedded in the soil were 
decomposed by soil microorganisms. As a result it has been found that among the high-molecular 

as materials, several kinds thereof were decomposed. Various coating processes were examined using these 
decomposable materials. However, it was impossible for most of the materials to carry out a uniform coating 
process endurable to control of the dissolving-out. Even in the case of materials by the use of which a 
coating process affording a uniform coating was possible, most of these materials could not be practically 
used in view of evaluations of the physical properties of the coating and test of dissolving-out in water. 

4o It has been confirmed by a test of dissolving-out in water that when materials screened here are 
combined with other materials and the combinations are used as a composite material, such a composite 
material can control! the dissolving-out rate within a broad range. 

These materials were further subjected to a test of dissolving-out in the soil under conditions where 
they wsre decomposed by soil microorganisms. 

45 When these materials were converted into composite materials, for example if high-molecular materials 
were occupied by a large proportion of a mioroorganism -non -decomposable high-molecular material, some 
of the materials were found to inhibit the decomposition of the capsule itself in the soil, but these have been 
usable as the current slow-release type dissolving-out fertilizers. As described above, the present invention 
has been achieved as a result of research and development directed to various technical problems over a 

so long time. 

As apparent from the foregoing, the object of the present invention is to provide a granular fertilizer with 
a coating which is decomposable by soil microorganisms, preferably a coating which is decomposed and 
degraded both on the surface layer of the soil and in the soil, and a process for producing the granular 
fertiliz r. 

55 Th present inv ntion in two. aspects has the following main constitutions (1) and (8) and constitutions 
as embodiments (2) to (7) and (9) to (12): 

(1) A granular fertilizer with a decomposable coating comprising a poly 3-hydroxy-3-alky (propionic acid 
as an active ingredi nt. 
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(2) A granular fertilizer according to item (1) wherein said alky I is methyl group or ethyi group. 

(3) A granular fertilizer according to item (1) wherein said decomposable coating comprises said poly 3- 
hydroxy-3-alkylpropionic acid and at least one member selected from the group consisting of as resins, 
polyvinylidene chloride, olefin polymer resins, rubbery resins, ethylene-vinyl acetate copolymer, polysty- 

s rene, polymethyl methacrylate, ethylene-carbon monoxide copolymer, ethylene-vinyl acetate-carbon 
monoxide terpolymer. ethylene-ethyl acrylate copolymer and ethylene-methacrylic acid copolymer and 
as low molecular resinous substances, paraffin, hardened oils, solid fatty acids, metal salts thereof, 
beeswax, Japan wax. petroleum resins and rosins. 

(4) A granular fertilizer according to item (1) wherein said decomposable coating further comprises an 
to inorganic or organic, difficultly water-soluble or water-insoluble powder. 

(5) A granular fertilizer according to item (3) wherein said decomposable coating further comprises an 
inorganic or organic, difficultly water-soluble or water-insoluble powder. 

(6) A granular fertilizer according to item (4) wherein said inorganic powder is powder of talc, clay, silica, 
diatomaceous earth, metal oxides or sulfur and said organic powder is powder of starch or crotylidene 

75 diurea. 

(7) A granular fertilizer according to item (5) wherein said inorganic powder is powder of talc, clay, silica, 
diatomaceous earth, metal oxides or sulfur and said organic powder is powder of starch or crotylidene 
diurea. 

(8) A process for producing a granular fertilizer with a decomposable coating which process comprises 
20 adding an organic solvent solution of a poly 3-hydroxy-3-alky I propionic acid to a granular fertilizer in 

fluidized state in the form of spray, and when added, blowing a high speed hot air stream onto said 
granular fertilizer to thereby instantaneously remove the solvent contained in said organic solvent 
solution and also dry the resulting fertilizer. 

(9) A process according to item (8) wherein in said organic solvent solution are dissolved said poly-3- 
25 hydroxy-3-atkylpropionic acid and at least one member selected from the group consisting of as resins, 

polyvinylidene chloride, olefin polymer resins, rubbery resins, ethylene-vinyl acetate copolymer, polysty- 
rene, polymethyl methacrylate, ethylene-carbon monoxide copolymer, ethylene-vinyl acetate-carbon 
monoxide terpolymer, ethylene-ethyl acrylate copolymer and ethylene-methacrylic acid copolymer and 
as low molecular resinous substances, paraffin, hardened oils, solid fatty acids, metal salts thereof, 
30 beeswax, Japan wax, petroleum resins and rosins. 

(10) A process according to item (8) wherein in said organic solvent solution is further mixed and 
dispersed an inorganic or organic, difficultly water-soluble or water-insoluble powder. 

(11) A process according to item (9) wherein in said organic solvent solution is further mixed and 
dispersed an inorganic or organic, difficultly water-soluble or water-insoluble powder. 

35 (12) A process according to item (ID) wherein said inorganic powder is powder of talc, clay, silica, 
diatomaceous earth, metal oxides or sulfur and said organic powder is powder of starch or crotylidene 
diurea. 

Fig. 1 shows a flowsheet illustrating an apparatus used in the process of the present invention. 

Figs. 2 to 8 each show a chart illustrating Examples of the present invention. 
40 The constitution and effectiveness of the present invention will be described below in more detail. 

The present invention is characterized in using a poly 3-hydroxy-3-alkylpropionic acid (chemical 
structure (I)) as a soil microorganism-decomposable high-molecular material for forming a decomposable 
coating, and particularly preferred examples of the above material are poly 3-hydroxy-3-methylpropionic 
acid (chemical structure (II)). poly 3-hydroxy-3-ethylpropionic acid (chemical structure (III)) and a copolymer 
*5 of 3-hydroxy-3-nnethy (propionic acid with 3-hydroxy-3-ethy [propionic acid (chemical structure (IV)). These 
basically have the following chemical structures, but the bonding manner of the copolymer (IV) may be 
either random or block manner. The molecular weights of such polymers or copolymer have no particular 
limitation, but are usually in the range of 10,000 to 2.000,000, preferably 50,000 to 1.000,000. 

so 
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45 As to the granular fertilizer of the present invention, even when the fertilizer is coated by these poly 3- 
hydroxy-3-alkyl propionic acid materials, a sufficient dissolving-out-controlling function is obtained. For 
example, the endurability of the dissolving-out is exhibited over several ten days in the case of urea having 
high values of deliquescence and solubility, and over several hundred days in the case of potassium sulfate 
or the like having low values of the above physical properties. In the case where the dissolving-out is 

so promoted by using these single materials, if a surfactant is dispersed in the coating to be formed i.e. 
capsule or a powder is dispsrsed therein as a filler, it is possible to control the extent of the promotion in 
accordance with the quantity thereof dispersed. According to these processes, however, while the 
dissolvlng-out period can be shortened as compared with use of the single materials, it is difficult to extend 
the period. 

55 As to the surfactant usable in the present invention, any of cationic on s. anionic ones, amphoteric ones 
and nonionic ones are usable, but it is important that the balance between hydrophilic nature and 
hydrophobic nature i.e. the HLB value is in a suitable range. If the hydrophylic nature is too strong, the 
surfactant is not uniformly dispersed in the coating ; but agglomerates and becomes a cause of forming 
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coating defects. Surfactants having a highly oleophilic nature have no influence upon the coating, but there 
is a tendency that the effectiveness of promoting the dissolving-out is somewhat inferior. The HLB of these 
surfactants is 15 or less, preferably in the range of 1 1 to 13. 

The powder as a filler used in the present invention is a difficultly water-soluble or water-in soluble 

5 powder and either of inorganic or organic materials are usable, but the particle diameter thereof is preferred 
to be half or less of the coating thickness (20 to 200 urn ) preferably i thereof. While these fillers are 
uniformly dispersed in the coating, those having an inferior dispersibility require a treatment for improving 
the dispersibility such as surface treatment with silicone or the like or treatment of making the dispersing 
easy with surfactants or the like. Preferred examples of such inorganic powder are powder of talc, calcium 

io carbonate, clay, diatom aceous earth, silica, metal silicates, metal oxides, sulfur, etc. Among such inorganic 
powder, sulfur is a material susceptible of microorganism decomposition; hence it has an advantage of 
making the coating easily susceptible of its decomposition in the soil as a component of the composite 
material of the coating. On the other hand, as to the organic powder, while it is inferior to the inorganic 
powder in the aspect of filler, a number of the powders are easily susceptible of decomposition by 

is microorganisms; hence there is an advantage that it is superior to sulfur in the aspect of decomposition in 
the soil as a component of composite materials. Examples of preferred materials among these are starch, 
starchy materials, slow-release nitrogen fertilizers such as crotylidene diurea (abbreviation of 2-oxo-4- 
methyl-S-ureidohexahydropyrrmidine) which forms NH+ through decomposition by microorganisms in the 
soil, etc. When these powders are used as filler, if the quantity thereof used increases, there is a tendency 

20 of reducing the coating strengths even when any powders are used. 

Another process of controlling the dissolving-out of the fertilizing component in the present invention 
resides in simultaneous use of other high-molecular materials or waxes as a material for forming the 
decomposable coating to thereby make the coating composite. This process is particularly effective in the 
case where the dissolving-out is retarded, as compared with the case where poly 3-hydroxy-3-alkylpropionic 

25 acid materials are singly used, but the above materials for making the coating composite also can promote 
the dissolving-out depending on the choice thereof. These processes may be employed together with the 
first process wherein a surfactant or a filler is blended to exhibit the promoting effectiveness, and these 
processes are very often preferred. The term "decomposable coating" referred to herein means a coating 
having a nature of being deteriorated by light or oxygen and continuing to degrade, and also being 

30 degraded by soil microorganisms. 

A light-degradative resin composition as one of materials constituting the decomposable coating refers 
to resin compositions comprising at least one member selected from the group consisting of ethylene- 
carbon monoxide copolymer, ethylene-carbon monoxide-vinyl acetate terpolymer, polybutadiene, 
polyisoprene, styrene-butadiene copolymer and styrene-isoprene copolymer. Any of these compositions 

35 exhibit a nature of being deteriorated by light or oxygen and continuing to degrade. The ethylene-carbon 
monoxide-vinyl acetate termpolymer refers to any of terpolymers consisting of ethylene, carbon monoxide 
and vinyl acetate, and a composition containing 0.1 to 15% by weight of carbon monoxide and 1 to 40% by 
weight of vinyl acetate is preferably used. 

As to the polybutadiene. any of those of 1,4 bonding type generally used for synthetic rubbers and 

40 those of 1.2 bonding type having a high crystallinity are usable. 

As to the styrene-butadiene copolymer and styrene-isoprene copolymer, any of those of random 
copolyrnerization type and block copolymerization type are usable. 

Next as to the mixing proportions of 3-hydroxy-3-alkylpropionic acid polyer as the indispensable 
constituent of the coating of the fertilizer of the present invention and a light-degradative resin composition. 

45 when the material for molding the coaling consists only of these two kinds, the ratio by weight of 3-hydroxy- 
3-alky (propionic acid polymer to the light-degradative resin composition is in the range of 0.1 to 0.9, 
preferably 0.3 to 0.7. 

If the ratio is less than 0.1. the decomposition by microorganisms is insufficient while if it exceeds 0.9. 
the decomposition and degradation by light or oxygen is insufficient. 
50 Examples of the material for decomposable coating usable together with poly 3-hydroxy-3-alkyl 
propionic acids are polyvinylidene chloride and copolymers of vinylidene chloride, polyolefin resins, 
ethylene-carbon monoxide copolymer, ethylene-vinyl acetate copolymer, ethylene-vinyl acetate-carbon 
monoxide terpolymer, ethylene-ethyl acrylate copolymer, ethylene-methacrylic acid copolymer, rubbery 
resins, polystyren , polymethyl methacrylate, etc. Among these, high-molecular materials such as poly- 
55 vinylidene chloride, copolymers of vinylidene chloride, polyolefin resins, ethylene-carbon monoxide 
copolymer, etc. are preferable materials for the purpose of retarding the dissolving-out. 

On the other hand, examples of high-molecular materials for promoting the dissolving-out are particu- 
larly ethylene-vinyl acetate copolymer having a high content of vinyl acetate (40% by weight or more) 
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among ethylene-vinyl acetate copolymers and particularly natural rubber, polyisoprene, polybutadiene : 
styrene-butadtene random copolymer and sty rene-i so propylene copolymer among rubbery resins. 

On the other hand, examples of waxy materiaJs which are preferred to be used for making the coating 
composite, are paraffin, solid fats and oils, particularly hardened oils, solid fatty acids and divalent or 
5 trivalent metal salts thereof, beeswax, Japan wax, rosins, petroleum r sins, tc. and these are materials for 
retarding the dissolving-out The proportion of such waxy materials blended in the ccating composition is 
30% by weight or less, preferably 20% by weight or less based on the weight of the high-molecular resin 
contained in the coating composition. 

As to the coating material of the coated granular fertilizer of the present invention, it is possible to use 
to additives described below thereto. In order to control the extent of controlling the decomposition and 
degradation by light and oxidation, ultraviolet absorber and stabilizers are used if necessary. The kind 
thereof has no particular limitation, but those which suitably bleed onto the surface of the coating and are 
thereby removed to such an extent that the decomposability and degradativity thereof are not damaged. 

Further, in order to inhibit the decomposition cf the coating by microorganisms and also control the 
75 dissolving-out properties in the soil, bactericides or mildewproofing agents are used if necessary. 

Besides, known additives such as surfactants, surface additives for imparting hydrophilic properties, etc. 
may be used. 

According to the present invention, it is possible to produce coated granular fertilizers using poly 3- 
hydroxy-3-alkylpropionlc acid materials as the coating materials thereof and having various functions. The 

20 granular fertilizer used as the core substances thereof are much varied in the aspect of the components, 
particle diameter, shape, etc., and even when the same function is imparted, the coating state should be 
varied depending on the kind, particle diameter and shape of the fertilizer. For example, while the practical 
coating thickness of the coated granular fertilizer of the present invention is in the range of 20 to 2O0um, 
the percentage coating for retaining such coating thickness is greatly varied depending on the particle 

25 diameter (particle size) and the shape. If such coating thickness Is less than 20 um.it is difficult to 
sufficiently control the dissolving-out, while a case where a coating thickness exceeding 200u.m is required, 
scarcely occurs. In addition, the coating thickness is usually in the range of 20 to I20um in the case. of 
known slow-release type fertilizers and in the range of 80 to 200um in the case cf time capsule type 
fertilizers. 

30 Further, as to setting of the dissolving-out period, the properties of the granular fertilizer as a core 
substance have a great influence upon the period. Even when fertilizers having the same particle diameter 
and shape are used and the coating compositions are the same and also tho coatings are the same, there 
often occur differences of ten times or more between the duration periods of the dissolving-out, depending 
on the kind of the fertilizers (e.g. urea, potassium sulfate, etc.). 

as When the coated granular fertilizers of the present invention are designed, the kind, particle diameter 
and shape of the fertilizers as a core substance are first determined, and then th9 coating thickness and the 
percentage coating are set. Thereafter the durability of the dissolving-out of the slow-release type fertilizers 
under these specified conditions is examined. As tc the method therefor, one or combinations of the above- 
mentioned four kinds of materiaJs i.e. surfactants, fillers, specified high-molecular materials and waxes are 

40 possible and there are a number of combinations thereof capable of affording the same durability. 

For example, in order to obtain a coating having the same function of dissolving-out durability as that of 
a coating consisting only of poly 3-hydroxy-3-alkylpropionic acids, a substance for retarding the dissolving- 
out such as high-molecular materials e.g. polyethylene or waxes e.g. hardened oils is first mixed with a poly 
3-hydroxy-3-aikylpropionic acid material to obtain a composition having an enhanced dissolving-out durabil- 

45 ity, to which a filler or a surfactant is then added to promote the dissolving-out, whereby it is possible to 
obtain a coating having the same extent of the function of dissolving-out duration as that of the poly 3- 
hydroxy-3-alkylpropionic acid material. 

As described above, there are numberless combinations as far as the function of dissolving -out duration 
alone is concerned, but such combinations are restricted in the aspect of other properties. 

so A first restriction is directed to the coating strength. If the proportion of a filler exceeds 80% by weight 
based on the weight of the coating, the coating strength often lowers so that the coating is damaged when 
the fertilizer is handled as a general-purpose fertilizer, to damage the function of controlling the dissolving- 
cut. Similarly, if the proportion of waxes such as paraffin, hardened oils, etc. used as an agent for retarding 
the dissolving-out exceeds 50% by w ight based on the weight of other high-molecular materiaJs, a problem 

56 is raised in the aspect of the coating strength. 

A second restriction is dir cted to the microorganism-decomposability of the coating. If a large quantity 
of microorganism-non-decomposable high-molecular compounds is contained in the coating, the de- 
composition of the coating is hind red. While this is varied depending on the pr s nee or absence of the 
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microorganism-decomposable filler and its quantity, the proportion of the microorganisrn-non-decomposable 
resins should be restricted to 40% by weight or less based on the weight of the high-molecular materials in 
the case of absence of the filler, while the proportion should be restricted to at most 60% by weight based 
on the weight of the high-molecular materials even in the case of use of the microorganism-decomposable 
filler. 

The coated granular fertilizer of the present invention is coated by a microorganism-decomposable 
coating and affected by soil microorganisms; hence its dissolving-out particularly in the soil having a high 
microorganism activity tends to be faster than its dissolving-out in water. Such a tendency can be controlled 
by (1) increase in the proportion of the microorganism-non-decomposable materials, (2) simultaneous use of 
bactericides and (3) coating of its surface with an extremely thin protective film, but it ic difficult to have the 
fertilizer coated by the microorganism-decomposable coating had all the same function as that of the 
fertilizer coated by the microorganlsm-non-decomposable coating. The proauct of the present invention, 
however, is useful as a dissolving-out-controlling fertilizer for the present agriculture, and has a very great 
importance in that it is a dissolving-out-controlling fertilizer with microorganism-decomposable high-molecu- 
lar material, found for the first time in the world. 

Further, according to the present invention, it is also possible to produce a time capsule type fertilizer 
wherein the dlssolving-out is restricted by making the coating thickness larger than that of slow-release type 
fertilizers and after a certain period, the coating Is broken by decomposition with microorganisms and the 
total quantity of the fertilizing component dissolves out within a short period. The period within which the 
dissolving-put is restricted can be controlled to a certain extent in the case of known products, by the 
above-mentioned means (1). (2) and (3) for inhibiting the decomposition, but this is not yet complete. 
However, the present invention gives access to a completely controlled time capsule type fertilizer. 

The present invention is applicable to granules containing ail kinds of fertilizing components, and 
particularly effective for fertilizers comprising single substances or two or more components thereof useful 
as water-soluble fertilizers such as ammonium sulfate, ammonium chloride, ammonium nitrate, urea, 
potassium chloride, potassium sulfate, potassium nitrate, sodium nitrate, ammonium phosphate, potassium 
phosphate, calcium phosphate, etc. Further when the present invention is applied to difficultly soluble 
fertilizers such as OMUP (crotylidene diurea), 1BDU (isobutylldene diurea), oxamide, etc., it is possible to 
extend the effective period of these fertilizers. 

The coating material for the process of the present invention is dissolved or dispersed in an organic 
solvent and used. The solvent used therefor is selected from those which dissolve high-molecular materials 
or waxes and also dissolve, while hot, poly 3-hydroxy-3-alkylpropionic acid materials indispensable for the 
present invention, but deposit, while cold, the high-molecular materials in the form of fine crystals, and 
become white-turbid but form a jelly form. 

As to the solution for these coatings or the solution further having a definite filler dispersed therein, it is 
an indispensable condition that these solutions are kept at high temperatures so that the high-molecular 
materials in the solutions cannot be deposited or become a jelly form and also are blown onto the granular 
fertilizer in spray form together with a high speed hot air stream to thereby instantaneously vaporize off the 
solvent and also dry the fertilizer. 

Adequate choice of the solvent used in the process of the present invention is a necessary condition for 
preventing particles from blocking to one another due to adhesive properties of the high-molecular materials 
during coating into a cake form. Further, the instantaneous drying by the high speed hot air stream is a 
necessary condition for avoiding that high-molecular materials are deposited during the course of the 
vaporization, cooling and concentration of the solutions, to thereby hinder coating formation intrinsic of the 
high-molecular materials. Concrete examples of such a solvent are toluene, xylene, ethyl acetate, trichloro- 
ethylene, chloroform, benzyl chloride, etc. 

The product of the present invention is obtained under such choice of solvent and drying conditions, 
and the speed of the hot air stream spouted together with the coating solution is necessary to be 10 m/sec 
or higher, preferably 15 m/sec or higher. 

When powder is used as a filler in the coating of the present invention, it is necessary to forcibly agitate 
the organic solvent solution in a vessel for dissolving the coating materials or the like means so that the 
powder can be uniformly mixed in the solution without being precipitated or floating onto the solution. As to 
the thus obtained coating solution, it is necessary to adjust the viscosity of the coating material so as to 
giv a viscosity of 50 cp (m Pa°s) or less depending on the temperature employed. If the viscosity exceeds 
50 cp (m Pas), even when th solvent is chosen as above, partial blocking of particles of the granular 
fertilizer cannot be avoided and henc in such case, it is necessary to dilute the solution for use. 

As the apparatus for carrying out coating while retaining the conditions of the process of the present 
invention, a spouting layer apparatus is optimum and most recommended. The general shape of the 
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spouting layer apparatus is of an inverted cone type at the bottom part and has an air-spouting port at its 
low9st part. Particles are placed in the vessel of the apparatus and when hot air is spouted from the 
spouting port, the particles are spouted upwards, drop in the vessel and again spouted in recycle manner. 
When a spray nozzle for the coating solution is provided at the spouting port and the coating solution is 
s sprayed onto the spouted particles, the product of the present invention is easily obtained. The particle 
temperature ^l that time during coating Is kept at an upper limit temperature at which the high-molecular 
materials cause no melt-adhesion or the coating is not damaged. 

The present invention will be described in more detail by way of Examples. 



w Example 1 

(1) Choice of solvent used in the process of the present invention 



Poty (3-hydroxy-3-methylpropionic acid) (molecular weight: 750,000) (0.3 g) and a solvent to be tested 
T5 (30 ml) are placed in a large test tube and the tube is placed in an oil bath, followed by gradually raising 
the temperature (1 " C/min. as a criterion) with stirring to dissolve it in the solvent. At that time, when a 
symptom of dissolution is observed, the temperature-raising speed is slowed to detect the dissolution 
temperature. On complete dissolution, agitation is stopped, followed by taking out the tube from the oil bath 
and gradually allowing it to cool down. At this gradual cooling step, there is observed a substance becoming 
20 white-turbid or exhibiting a jeliy form, and the temperature at that time is referred to as the gel point of the 
solvent usable in the present invention. The solvent usable in the present invention has a gel point. 
Reference examples of such a solvent are shown in Table 1 . 



Table 1 

25 



Name of solvent 


B.P. <*C) 


Dissolution temp. 


Gel point <* C) 


Note 


Toluene 


110.0 


56-57 


45-43 




Xylene 


135 - 145 


89 


48-40 


Industrial use 


n-Hexane 


68.7 


Insoluble 






Methanol 


64.7 








Ethyl acetate 


77.1 


76-77 


75 




Methyl ethyl ketone 


79.6 


Insoluble 






Tetrachloroethylene 


121.2 


Insoluble 






Trichloroethylene 


87.2 


58 


38-35 




1,2-Dichloraethane 


83.7 


55 


None 




Chloroform 


61 .2 


45 


25-24 




Dichloromethane 


83.7 


38 


None 




Ethylchlorohydrin 


128.0 


50-51 


None 




Benzyl chloride 


132.2 


57-58 


24-24 





(2) Dissolving-out-promoting effectiveness of filler 

1) Fig. 1 shows a flowsheet illustrating a spout-coating apparatus employed for producing sample 
products of Example 1 and Example 2. Numeral 1 shows a spouting column having a column diameter 
of 200 mm, a height of 1,500 mm, a diameter of air-spouting port of 45 mm and a cone angle of 50* , 
and also having a fertilizer-feeding port 2 and an exhaust gas-discharging pot 3. The spouting air is sent 
from blower 10 via orifice flowmeter 9 and heat-exchanger 8 to the spouting column, and the flow 
quantity and the temperature are controlled by the flowmeter and the heat-exchanger, respectively and 
the exhaust gas Is discharged from the discharging port 3 to the outside of the column. A granular 
fertilizer to be coated is fed from fertilizer-feeding port 2 while a definite quantity of hot air is passed, to 
form a spout. The hot air temperature, the particle temperature during coating and the exhaust gas 
temperature are detected by thermometers Tt, T2 and T 3 , respectively. When the temperature of T 2 has 
reached a definite temp rature, a coating solution is blown through a one-flow nozzle 4 toward the spout 
in the form of spray. The coating solution is in advnace prepared by agitation in liquid tank 11, and when 
a powder is used, the powder is agitat d so that it can be uniformly dispersed in the coating solution. 
The coating solution is sent via pump 6 to the nozzle and at that time, it is heated by steam so that its 
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t mperature cannot lower down to 80 "c or lower. When the percentage coating has reached a definite 

value, th blower is stopped and the resulting coated fertilizer is withdrawn through withdrawing port 7. 
Preparation of the samples of this Example was carried out under the following conditions: 

Solvent: trichloroethylene 
s One-flow no22le: opening 0.8 mm. ful! cone type 

Quantity of air: 2.5 m 3/ min. 

Temperature of hot air: 95 " C £ 3 * C 

(At the inlet of the spouting column) 

Kind of fertilizer: granular urea of 5 - 8 meshes 
w Quantity of fertilizer fed: 3 Kg 

Concentration of coating solution: solid content 2% by weight 

Quantity of coating solution fed: 0.2 Kg/mrn. 

Feeding period of coating solution: 38 mln. 

Percentage coating: 5% (based on fertilizer) 
rs 2) Measurement of percentage dissolving-out 

The percentage dissolving-out of the test samples was sought according to the following method: 
A sample (10 g) is immersed in water (200 mi) and the whole is sealed and allowed to stand still at 

25 *C. After a definite period, the sample is separated from water and the quantity of urea dissolved out 

in water is sought by quantitative analysis. The percentage of the quantity of urea dissolved out in water 
20 relative to the total quantity of urea in the sample to be tested is made a percentage dissolving-out. 

Quantity of urea dis- 
solved out in water 

Percentage dissolving-out = — xl00(%) 

2S Total quantity of urea 

in sample 

The resulting sample (coated urea) after the measurement of the percentage dissolving-out is again 
30 immersed in fresh water (200 ml) and allowed to stand still at 25 *C, followed by again seeking the 
percentage dissolving-out in the same manner as above. 

A graph is prepared wherein the number of days of still standing is plotted along the absicissa axis 
and the cumulative total of the percentage of dissolving-out is plotted along the ordinate axis, followed by 
connecting the resulting points to obtain a curve of the percentage dissolving-out. 
35 3) The coating materials to be tested and the coating conditions are as follows: 

Table 2 



40 







Coating material 
(al 


tested 




*5 


No. 


*-l 
PHMP 


Filler 


Coating 
condi- 
tion 


Note 


SO 


1 


1 5 0 


»-2 
Talc 

0 


Good 


*-l PHMP: 
Poly ( 3-hydroxy- 3 - 
methylpropionic acid) 
M.W. 750,000 




2 


1 1 0 


4 0 


ft 






3 


7 5 


7 5 


tr 


«-2 Talc: 10 v diameter 


SS 


4 


5 0 


1 0 0 


// 


(average) 



Further, the results of the measurement of the percentage dissolving-out are shown in Fig. 2. 
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(3) Examples of simultaneous use of fillers with waxes: 

Preparation of samples and measurement of percentage dissolving-out were carried out as in the item 
(2). The coating materials tested and the coating conditions are shown in Table 3 and the results of 
s measurement of percentage dissolving-out are shown in Figs. 3-1 and 3-2. 

Table 3 



70 




Coating material 
fa) 


tested 


Coat- 
ing 

jcndi- 


Note 


IS 


No. 


*-l 
PHMP 


Wax 


Filler 


5 


70 


*-2 
Paraffin 

5 


*-3 

Talc 
7 5 


Good 


*-l PHHP: Same as 

in Table 2 
*-2 Paraffin ; 

n.p.69~73 # C 
wax 


20 


6 


6 0 


1 5 


// 


// 


25 


7 


5 0 


2 5 


// 


// 


*-3 Talc :Same as 
in Table 2 


30 


8 


7 0 


*-4 . 

Hardened 01 

5 


*-5 

> CaCo3 

7 5 


// 


t-4 Hardened oil : 
(Hardened castor 
oil) m.p. 84°C 

«-5 CaCO^ : 
calcium carbonati 
5 \x diameter 
(average) 




g 


6 0 


1 5 


// 

7 5 


// 


35 


1 0 


5 0 


2 5 


// 

7 5 


fr 



40 

(4) Examples of simultaneous use of fillers with high-molecular materials: 

In the present examples, since a combustible solvent is used, a piping for N2 gas separated by air 
cooling is arranged onto blower 10 and spouting and coating were carried out with N 2 gas in place of air. 
45 Conditions of sample preparation are as follows: 
Solvent: toluene 

Nozzle: opening 0.8 mm, full cone type (one-fluid nozzle) 
Quantity of N 2 : 2.5 m 3 /min. 
Temperature of N 2 : 1 00 " C ± 3 " C 
so (at the inlet of spouting column) 

Kind of fertilizer: granular urea of 5 - 8 meshes 
Quantity of fertilizer fed: 3 Kg 

Concentration of coating solution: solid content 2% by weight 
Quantity of coating solution fed: 0.15 Kg/min. 
ss Feeding period of coating solution: 50 min. 
Percentage coating: 5% (based on f rtiliz r) 

Measurement of the percentage dissolving-out of test samples was carried out in the same manner as 
in the item (2). The coating materials tested and the coating condition are shown in Table 4 and the results 
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of measurement of percentage dissolving-out are shown in Fig. 4. 

Table 4 







Coating material 
(c) 


tested 


Coat- 
ing 
^ondi 
tion 


Note 


ro 


No. 


*-l 
PHMP 


High- 
molecular 
materiaJ 


Filler 


IS 


1 1 


1 0 5 


0 


*-2 
White 
carbon 

4 5 


Good 


*-i PHHP: Same as 
in Table 2 

t-2 White carbon: 
particle diameter 


20 


12 


6 0 


*-3 

PE 

15 


ff 

ff 


ft 


5 y (average) 

*-3 PErpolyethylene 

MI-40 

d=0-922 


25 


1 3 


4 5 


// 

3 0 


ff 

ff 


fr 




1 4 


3 0 


// 

4 5 


ff 

ff 


ff 




30 


1 5 


6 0 


0 


*-4 

A 1 203 

9 0 


ff 


*-4 AlaQj : parti- 
cle diameter 10 y 
(average) 

t-5 PS rpolystyrene 
MI=30 
d-1-04 


JS 


1 6 


4 5 


*-5 
PS ' 

1 5 


// 

9 0 


ff 


40 


1 7 


3 0 


// 

3 0 


ff 

9 0 


ff 





(5) Dissotving-out in soil and decomposition in soil of coating: 

45 

1) Dissotving-out in soil: 

Soil in rice paddies (sand soil in Naganocho. Minamatashi. Japan) is air-dried and sieved by a sieve of 
10 meshes (1.6 mm) and the resulting undersize was tested. A sample of the coated granular fertilizer of 

so the present invention (2 g) was mixed with the dried soil (250 g), followed by placing the mixture in a 500 
ml polyethylene bottle, adding 150% of the maximum volume water quantity to form a state of rice paddies 
and allowing the resulting material to stand still at 25" C. After a definite period, the total quantity of the soil 
containing the sample is transferred onto a sieve of 10 meshes (1.8 mm) and sieved in water to separate 
the sample from the soil. Th resp ctive granules of the sample remaining on the sieve are each car fully 

55 picked up. followed by transferring the total quantity into a mortar, triturating it. placing the triturated 
material in a measuring flask, filling water up to the marked line thereof, filtering off the urea solution, and 
analyzing ur a contained in the resulting solution to se k the total quantity of urea remaining in the coating. 
The perc ntag dissolving-out in the soil is calculated according to the following equation: 
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Percentage of dissolving-out in the soil - 

/Total urea in \ /total urea remainingv 

(sample test ed/ "(in coating 1 x 100 

5 * T 

Total urea in sample tested 

The test results of samples No. 11 - 14 are shown in Rg. 5. 
2) Decomposition test of coating in soil: 

Samples (each S g) were taken from the respective fertilizers of the present invention and were each 
stung by a needle with a sharp tip to form a pinhole, followed by allowing the resulting granules to stand 

75 still In water at 30° C for 2 weeks to have urea in the coating dissolved out and thereby prepare hollow 
capsules. The hollow capsules are separated from the resulting solution obtained by dissolving-out and 
mixed with dry soil (400 g) used in item (1), followed by adding water so as to give 60% of the maximum 
volume water content, covering the resulting mixture with a polyvinylidene film and allowing it to stand still 
in a constant temperature bath at 30 * C. This is dug out each two months to observe the condition of the 

20 capsules, during which vaporized water content is corrected and the procedure is continued. The resulting 
observation conditions are shown in Table 5. 
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CD 



Condition of capsule embedded in soil 


After lapse of 2 months, there was almost no trace. 


After lapse of 2 months, there was a white trace, but capsule did not remain in its form. 


Same as in the case of sample No. 3. 


Same as in the case of sample No. 3. 


Same as in the case of sample No. 3. 


After lapse of 2 months, fungi have propagated in part, but no degradation of capsule occurred. After 
lapse of 4 months, capsules became utterly fragile, and when external force was applied, it crumbled. 


After lapse of 4 months, capsules remained in the original form, but afler lapse of 6 months, hole 
corrosion was observed on the total surface of capsules. 


After 6 months, no chango occurred. 


Sample 
No. 




CO 


CD 


05 




CM 


CO . 


rr 
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(6) Among the sample preparation conditions in (2) -1). the period of the coating solution fed was extended 
to 76 minutes (twice) to increase the percentage coating to 10% (based on the fertilizer). Using the resulting 
material as raw material shown in Table 6, samples were prepared. The percentages dissolving-out In water 
of these samples were sought according to the method of (2) -2) and the percentages dlssolving-out In soil 
thereof were sought according to the method of (5) -1). Both the percentages dissolving-out are shown in 
Fig. 6. 

Table 6 



Sam- 
ple 
No. 


Coating material tested 
(a) 


Coat- 
ing 

condi- 
tion 


Note 


*-l 

PHMP 


Filler 


Fungicide 


18 


220 


*-2 

Talc 
80 


0 


Good 


*-lPHMP : Same as 

in Table 2 

*-2 Talc: 10 y 
diameter (average) 

*-3 Ethylene-bis- 
(thiocarbaitiate) - 
maneganese 


19 


220 


■I 

80 


*-3 

3 


it 



Example 2 

I. Production example of the fertilizer of the present invention 

Fig. 1 shows a flowsheet illustrating a spoutcoating apparatus employed in Example 1 and Example 2. 
Numeral 1 shows a spouting column having a column diameter of 250 mm, a height of 1.200 mm, a 
diameter of air-spouting port of 50 mm and a cone angle of 50* , and also having a fertilizer-feeding port 2 
and an exhaust gas-discharging port 3. Tha spouting air is sent from blower 10 via orifice flowmeter 9 and 
heat-exchanger 8 to the spouting column, and the flow quantity and the temperature are controlled by the 
flowmeter and the heat-exchanger, respectively and the exhaust gas is discharged from the discharging port 
3 to the outside of the column. A granular fertilizer to be coated is fed from fertilizer-feeding port 2 while a 
definite quantity of hot air is passed, to form a spout. The hot air temperature, the particle temperature 
during coaling and the exhaust gas temperature are detected by thermometers T,, T 2 and T 3 , respectively. 
When the temperature of T a has reached a definite temperature, a coating solution is blown through a one- 
flow nozzle 4 toward the spout in the form of spray. The coating solution is in advance prepared by 
agitation in liquid tank 11 , and when a powder is used, the powder is agitated so that it can be uniformly 
dispersed in the coating solution. The coating solution is sent via pump 6 to the nozzle and at that time, it is 
heated by steam so that its temperature cannot lower down to 100"C or lower. When the percentage 
coating has reached a definite value, the blower is stopped and the resulting coated fertilizer is withdrawn 
through withdrawing port 7. 

Preparation of the samples of this Example was carried out under the following conditions: 
One-flow nozzle: opening 0.8 mm, full cone type 
Quantity of hot air: 4 m 3 /min. 
Temperature of hot air: 100* C ± 2" C 
Kind of fertilizer: granular urea of 5 - 8 meshes (2.4-4 mm) 
Quantity of fertilizer fed; 10 Kg 

Concentration of coating solution: solid cont nt 2.5% by weight 
Kind of solvent tested: trichloroethylene 
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70 



75 



7.0 



30 



35 



40 



Quantity of coating solution fed: 0.5 Kg.min. 
Feeding period of coating solution: 40 min. 
Percentage coating: 5.0% (based on fertilizer) 

In order to evidence control of the dissolving-out and degradativity of the capsul s. samples shown in 

Table 7 were prepared. ^ 

Further, for comparison, examples wherein 3-hydroxy-3-alkylpropionic ac.d polymer or a l.ght-deg- 
radative resin was singly combined with a powder are together shown in Table 7. 

IK Measurement example of percentage dissolving-out of the present invention: 

The respective fertilizers of the present invention prepared in item (I) (each, 10 g) ara immersed in 
water (200 ml) and allowed to stand still at 25" C. After a definite period, the fertilizer is separated from 
water and the quantity of urea dissolved out in water is sought by quantitative analysis. Fresh water (200 
ml) is added to the resulting fertilizer, followed by allowing the whole to stand still at 25 C and after a 
definite period carrying out the same analysis. Such a procedure is repeated, and the relationship between 
the cumulative total of the percentage dissolving-out of urea dissolved out in water and the number of days 
is graphed to prepare a curve of dissoiving-out rate, whereby it is possible to find the number of days at 
which the percentage dissolving-out reaches 80%. 

The "24 Hrs dissolving-out %" in the item "dissolving-out" in Table 7 refers to a percentage dissolvmg- 
out in water at 25* C after lapse of 24 hours in the above-mentioned measurement of percentage dissolvmg- 
out, and the "80% dissolving-out days" therein was sought by preparing a dlssolving-out rate curve based 
on ihe above percentage dissolving-out. 

As seen from Table 7, any of the products of the present invention have a small percentage dissolvmg- 
out in water after 24 hours and are well capsulated. Further, it is also seen that the 80% dissolving-out days 
can be controlled depending on the proportion of 3-hydroxy-3-alkylpropionic acid polymer to the light- 
degradative resin and also depending on the mixing proportion of powder. 

III. Example of measurement of capsule degradativity 

Each (5 g) of the fertilizers prepared in the item (I) was subjected to preparation of a pinhole each 
granule with a needle, followed by allowing the resulting granules to stand still in water, whereby the ins.de 
urea is completely dissolved out to prepare hollow capsules, which are then dried to prepare samples to be 
tested 

Dried sand of 12 meshes-pass is placed in a square box ol polyvinyl chloride of 15 cm long, 15 cm 
wide and 15 cm high so as to be almost lull of the sand, followed by arranging the purified hollow capsules 
on the surface of the sand, lining a quartz sheet of 2 mm thick onto the box so as to prevent ram, allow.ng 
the resulting box to stand outdoors over six months (since April till September), thereafter placing the total 
quantity of the sand and ihe capsules in a V type mixer provided with rotating blades, mixing them with 
stirring for 30 minutes, thereafter separating the capsules from the sand with a sieve of 10 meshes (1.6 mm) 
and seeking the percentage of 10 meshes-on capsules relative to the sample capsules. This percentage is 
referred to as degrea of degradation and shown in Table 7. 



IS 



so 



55 



16 



EP 0 255 752 B1 



w 



15 



20 



25 



qj 

XI 



35 



40 



45 



SO 



Degree of 
degradation 


C\J 


cn 

CO 


CO 
GO 


9 9 or 
more 


V 






N 




CO 
O) 


in 


mg-out 


1 I.W 
■h c to 

> 

dPrH-P 

00a 

GO CO O 


O 
co 


CsJ 

- 


CO 


CD 
CO 


CO 


CO 
CnJ 


-H 

LO 


in 


ay 

«— t 


0 

— * 


in 


H 

o 

(llo 

nun 


1 

> . >+J 
WH3 
WOO 

W CP 

rvj'CrH 


CD 
03 

m cy 

OrH 

-H 

O 


5: 


0 


O 


CO 

0 


CO 
O 


CO 
O 


O) 
CO 


CO 
CsJ 


CSJ 

0 


0 




U 
0> 

rH 
rH 








O 


















O 


0 


0 


CjCO 
rH 


V. 


V 


V 


5: 




s. 

V 




t 

rH 


u 

0J 














CO 

X 

m 










lateri 


T" 

0) 
PC 


















O 






u butq 


c 
















0 

*H 




O 


0 


Coal 




O 


0 
10 


0 

CO 


CO 
OJ 


0 

CSJ 


CsJ 


0 

CsJ 












to 

QJ 

a; 


0 


0 


0 


CsJ 


O 


CO 


CSJ 


O 


O 


O 


0 




CO 


m 






CsJ 


CsJ 




CO 


CO 










O 


~« 


C\i 


CO 




in 


CO 




CO 




CsJ 




0 


CsJ 


CsJ 


CsJ 


CsJ 


CM 


CsJ 


Csj 


Csl 


Csj 


































aidures 























QJ 








c 
































O* 
















Q) 




£ 




4J 




S_ 




(1) 




rH 




^> 








<TJ 




a 




-M 








O 








U 




*H 


£ 


«3 




U 








«J 


rH 


rH 


QJ 










r 5 


n. 








r> 






w 




*> 


m 


O 




1 


fQ 


-rl 


0) 


QJ 


4J 




'O 


'O 


3 


O 


•H 


■H 


.0 


U 




X 


>i 




O 


0 


rH 


1 


c 


c 


0 


rH 


0 


0 


04 










sz 






0 




c 


c 


•H 


(U 


0 


0 


-u 


e 


.a 




0 


1 






m 


m 




US 


+» 


1 


O 


0 


0 


>i 


l 


1 


■H 


X 


0) 


QJ 


T3 


0 


c 


C 


C 


M 


QJ 


QJ 






rH 


rH 




>i 




>< 


1 


J= 




-C 


CN 


1 








m 


a> 


QJ 


rH 


< 


CP 


a 


a 


C 


c 


c 


c 


-H 


-H 




-H 


10 


CO 


(0 


CO 






A 




5 


2 







ss IV. Decomposition test of coating in soil: 

Sampl s (each 5 g) were taken from the respective fertilizers of the pres nt inv ntion and each stung 
by a needle with a sharp tip to form a pinhole, followed by allowing the resulting granules to stand still in 
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water at 30* C for 2 weeks to have urea in the coating dissolved out and thereby prepare hollow capsules. 
The empty capsules are separated from the resulting solution obtained by dissolving-out and mixed with 
dry soil (400g) used in item (5)-1) of Example 1, followed by adding water so as to give 60% of the 
maximum volum water content, covering the resulting mixture with a polyvinylidene film and allowing it to 
s stand still in a constant temperature bath at 30* C. This is dug out each two months to observe the 
condition of the capsules, during which vaporized water content is corrected and the procedure is 
continued. The resulting observation conditions are shown in Table 8. 



Table 8 

w " 





NO. 


Condition of capsule embedded in soil 






20 


After lapse of 4 months, capsule remained in 
the original form as it was, but after lapse 
of 6 months , hole corrosion was observed on 
the whole surface of capsule. 


20 




21 


Same as in sample No. 20. 


25 


OJ 

a 




After lapse of 2 months, capsule remained in 
the original form as it was, but after lapse 
of 4 months, capsule became utterly fragile, 
and when external force was applied, it 
crumbled. 




£ 
m 

w 


23 


Same as in sample No. 22. 


30 


ample 


24 


After lapse of 2 months, there was a white 
trace, but capsule did not remain in its form. 




* 

w 


25 


Same as in sample No. 24. 


35 




26 


Same as in sample No. 24. 






27 


Same as in sample No. 24. 


40 




28 


Same as in sample No. 24. 




U OJ 


1 


After lapse of 6 months, no change occurred. 


45 


Comp. 
samp! 


2 


After lapse of 2 months, there was a white 
trace, but capsule did not remain in its form. 
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Claims 

1. A granular fertiliz r with a decomposable coating which coating comprises a poly 3-hydroxy-3- 
55 alkylpropionic acid. 

2. A granular fertilizer according to claim 1 wherein said alkyl is methyl group or ethyl group. 
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3. A granular fertilizer according to claim 1 or 2 wherein said decomposable coating comprises said poly 
3-hydroxy-3-alkylpropionic acid and at least one member selected from the group consisting of as 
resins, polyvinylidene chloride, olefin polymer resins, rubbery resins, ethylene-vinyl acetate copolymer, 
polystyrene, polymeihyl methacrylate, ethylene-carbon monoxide copolymer, ethylene-vinyl acetate- 
carbon monoxide terpolymer. etnylene-ethyl acrylate copolymer and sthylen -methacrylic acid 
copolymer and as low molecular resinous substances, paraffin, hardened oils, solid tatty acids, metal 
salts thereof, beeswax, Japan wax, petroleum resins and rosins. 

4. A granular fertilizer according to claim 1 wherein said decomposable coating further comprises an 
inorganic or organic difficultly water-soluble or water-insoluble powder. 

5. A granular fertilizer according to claim 3, wherein said decomposable coating further comprises an 
inorganic or organic, difficultly water-soluble or water-insoluble powder. 

6. A granular fertilizer according to claim 4 wherein said inorganic powder is powder of talc, clay, silica, 
diatomaceous earth, metal oxides or sulfur and said organic powder is powder of starch or crotylidene 
diurea. 

7. A granular fertilizer according to claim 5 wherein said inorganic powder is powder of talc, clay, silica, 
diatomaceous earth, metal oxides or sulfur and said orgnaic powder is powder of starch or crotylidene 
diurea. 

8. A process for producing a granular fertilizer with a decomposable coating which process comprises 
adding an organic solvent solution of a poly 3-hydroxy-3-alkylpropionic acid to a granular fertilizer in 
fluidized state in the form of spray, and when added, blowing a high speed hot air stream onto said 
granular fertilizer to thereby instantaneously remove the solvent contained in said organic solvent 
solution and also dry the resulting fertilizer. 

9. A process according to claim 8 wherein In said organic solvent solution are dissolved said poly-3- 
hydroxy-3-alkylpropionic acid and at least one member selected from the group consisting of as resins, 
polyvinylidene chloride, olefin polymer resins, rubbery resins, ethylene-vinyl acetate copolymer, poly- 
styrene, polyrnethyi methacrylate, ethylene-carbon monoxide copolymer, ethylene-vinyl acetate-carbon 
monoxide terpolymer, ethylene-ethyl acrylate copolymer and ethylene-methacrylic add copolymer and 
as low molecular resinous substances, paraffin, hardened oils, solid fatty acids, metal salts thereof, 
beeswax. Japan wax, petroleum resins and rosins. 

10. A process according to claim 8 wherein in said organic solvent solution is further mixed and dispersed 
an inorganic or organic, difficultly water-soluble or water-insoluble powder. 

11. A process acccrding to claim 9 wherein in said organic solvent solution is further mixed and dispersed 
an inorganic or organic, difficultly water-soluble or water-insoluble powder. 

12. A process according to claim 10 wherein said inorganic powder is powder of talc. clay, silica, 
diatomaceous earth, metal oxides or sulfur and said organic powder is powder of starch or crotylidene 
diurea. 

1a The use of a poly 3-hydroxy-3-alkylpropionic acid for coating granular fertilizer. 
Revendicatlons 

1. Un engrais granule avec un revetement degradable lequel revetement comprend un. acide Poly-3- 
hydroxy-3-alkylpropionique. 

2. Un engrais granule s Ion la revendication 1, ou ledit groupe alkyle est un groupe methyle ou un groupe 
ethyle. 

3. Un engrais granule s Ion la revendication 1 ou 2, ou ledit revetement degradabl comprend ledit acid 
Poly-3-hydroxy-3-aikylpropionique et au moins un element choisi parmi le group constitue de resines, 
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de chlorure cle polyvinylidene, de lysines de polymeres ol£finiques, be n§sines caoutchouteuses. de 
copolymers ethylene-acetate de vinyla, de polystyrene, de polymethacrylate de methyle. de copolyme- 
re «§thylene-mono-oxyde de carbone. da terpo)ym*re ethylene-acetate de vinyle-mono-oxyde de 
carbone, de copolymere elhylene-acrylate d'<§thyle et de copolymers eMhylene-acide methacrylique et 
de substances resineuses a faible poids moleculaire, de paraffines, d'huiies durcies, d'acidas gras 
solides, des sels metalliques de ceux-ci, de cire d'abeille, de cire du Japon, de resines de petrole, et 
de colophanes. 

4. Un engrais granule selon la revendication 1. ou ledit revdtement degradable comprend, de plus, une 
poudre minerale ou organique, difficilement hydrosoluble ou insoluble dans I'eau. 

5. Un engrais granule* selon la revendication 3, ou ledit revetement degradable comprBnd, de plus, une 
poudre minerale ou organique. difficilement hydrosoluble ou insoluble dans I'eau. 

6. Un engrais granule selon la revendication 4, oCi ladite poudre minerale est une poudre de talc, d'argile. 
de silice. de terre de diatomees. d'oxydes metalliques ou de soufre et ladite poudre organique est une 
poudre d'amidon ou de crotylidene diur£e. 

7. Un engrais granule selon la revendication 5, ou ladite poudre minerale est une poudre de talc, d'argile, 
de silice. de terre de diatomees. d'oxydes metalliques ou de soufre et ladite poudre organique est une 
poudre d'amidon ou de crotylidene diuree. 

a. Un procede pour produire un engrais granule avec un revetement degradable, procede* qui comprend 
une addition d'une solution dans un solvant organique d'un acide poly-3-hydroxy-3-alkyfpropionique a 
un engrais granule dans un etat fluidis§ sous forme pulv£ru!ente, et apres addition, un soufflage d'un 
courant d'air chaud a vitesse.elevee sur ledit engrais granule* pour, de ce fait, retirer instantanement le 
solvant contenu dans ladite solution de solvant organique et aussi pour secher I'engrais resultant. 

9. Un procede selon la revendication 8, ou ledit acide poly-3-hydroxy-3-alkylpropionique et au moins un 
element choisi parmi le groupe constitue de resines. de chlorure de polyvinylidene. de resines de 
polymeres olefiniques. de resines caoutchouteuses. de copolymere ethylene-acetate de vinyle, de 
polystyrene, de polymethacrylate de methyle, de copolymere ethylene-mono-oxyde de carbone, de 
terpolymere ethylene-acetate de vinyle-mono-oxyde de carbone. de copolymere sthylene-acrylate 
d'ethyls et de copolymere e*lhylene-acide methacrylique et de substances resineuses a faible poids 
moleculaire, de paraffine, d'huiies durcies. d'acides gras solides, des sels metalliques de ceux-ci. de 
cire d'abeille. de cire du Japon, de resines de petrole, et de colophanes sont dissous dans ladite 
solution de solvant organique. 

10. Un procede salon la revendication 8, ou : dans ladite solution de solvant organique on melange et on 
disperse, de plus, une poudre minerale ou organique, difficilement hydrosoluble ou insoluble dans 
I'eau. 

11. Un procede selon la revendication 9, ou, dans ladite solution de solvant organique on melange et on 
disperse, de plus, une poudre minerale ou organique, dirficifement hydrosoluble ou insoluble dans 
I'eau. 

12. Un procede selon la revendication 10, ou ladite poudre minerale est une poudre cle talc. d'argile : de 
silice, de terre de diatomees. d'oxydes metalliques ou de soufre et ladite poudre organique est une 
poudre d'amidon ou de crotylidene diuree. 

13. ^utilisation d'un acide poly-3-hydroxy-3-a)kyIpropionique pour enrober un engrais granule. 
Patentanspruche 

1. Korniges Dungemittel mit einer zersetzbaren Beschichtung ; die eine Poly-3-Hydroxy-3-Alkylpropansau- 
r enthalt. 

Z Korniges Dungemittel nach Anspruch 1. bei der das Alkyl zur Methylgruppe oder zur Athylgruppe 
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gehdrt. 

3. Korniges Dungemittel nach Anspruch 1 Oder 2. bei dem die zersetzbare Beschichtung die Poly-3- 
Hydroxy-3-Alkylpropansaure und zumindest einen Bestandteil enthalt d r aus der Gruppe gewahlt ist, 
die als Harze Polyvinytidenchlorid, Olifinpofymerharze, kautschukartige Har2e, Athyl nvinylacetatmisch- 
polymerlsat, Polystyrol. Polymethylmetacxrylat, Athylencarbonmonoxidmischpolymerisat, Athylenvinyl- 
acetatcarbonmonoxidterpolymerisat. AthylenSthylacrylatmischpolymerisat und AthylenmetacrylsSure- 
mischpolymerisat und als niedermolekulare harzartige Substanzen Paraffin, gehSrtete Ole, teste Fett- 
sauren, deren Metallsaize, Blenenwachs. Japanwachs, Petroleumharze und Terpentinharze enthSlt. 

4. Korniges Durgemittel nach Anspruch 1 t bei dem die zersetzbare Beschichtung weiterhin ein anorgani- 
sches oder organisches, schwerwasserlosliches oder wasserunKJsliches Pulver enthalt. 

5. Korniges Dungemittel nach Anspruch 3, bei dem die zersetzbare Beschichtung weiterhin ein anorgani- 
sches oder organisches, schwerwasserlosliches oder wasserunlosliches Pulver enthalt. 

6. KSrniges DUngemittel nach Anspruch 4, bei dem das anorganische Pulver ein Pulver aus Talg, Ton, 
Siliziumdioxyd, Diatomeanerde, MetaJloxyden oder Schwefel und das organische Pulver ein Pulver aus 
Starke ods-r Crotyiidenharn ist. 

7. Korniges Dungemittel nach Anspruch 5, bei dem das anorganische Pulver ein Pulver aus Talg, Ton, 
Siliziumdioxyd, Diatomesinerda. MetaJloxyden oder Schwefel und das crganische Pulver ein Pulvsr aus 
Starke oder Crotyiidenharn ist. 

8. Verfahren zur Herstellung eines komigen Dungemitteis mit einer zerset2baren Beschichtung, bei dem 
eine organische Losungsmittellosung einer Poly-3-Hydroxy-3-Alkylpropansaure einam komigen DUnge- 
mittel irn fluidisierten Zustand als Spruhmittel zugegeben wird, wobei bei der Zugabe ein Hochge- 
schwindigkeitsheii3luftstrom auf das kornige DGngemittei geblasen wird, urn hierdurch sofort das in der 
organischen Losungsmittellosung enthaltene Losungsmittel zu entfernen und auch das entstehende 
DGngemittei 2u trocknen. 

9. Verfahren nach Anspruch 8, bei dem in der organischen Losungsmittellosung die Poly-3-Hydroxy-3- 
Alkylpropansaure und zumindest ein Bestandteil aus der als Harze Polyvinytidenchlorid, Olifinpolymer- 
harze, kautschukartige Harze, Athylenvinylacetetmischpolymerisat. Polystyroi, Polymethylmetacrylat. 
Athytencarbonmonoxidmischpolyrnerisat, Athyienvinylacetatcarbonmonoxidterpotymerisat, Athylenathyl- 
acrylatmischpolymerisat und Athylenmetacrylsauremischpolymerisat und als niedermolekulare harzarti- 
ge Substanzen Paraffin, gehartete Ole, feste Fettsauren, deren Metal Isafze, Bienenwachs, Japanwachs, 
Petroleumharze und Terpentinharze enthaltenden <?">ppe gelost sind. 

10. Verfahren nach Anspruch 8, bei dem in der organischen Losungsmittellosung weiterhin ein anorgani- 
sches oder organisches, schwerwasserlosliches oder wasserunlosliches Pulver gemischt und verteilt 

ist. 

11. Verfahren nach Anspruch 9, bei dem in der organischen Losungsmittel losung weiterhin ein organi- 
sches oder anorganisches, schwerwasserlosliches oder wasserunlosliches Pulver gemischt und verteiit 
ist. 

12. Verfahren nach Anspruch 10, bei dem das anorganische Pulver ein Pulver aus Talg, Ton, Siliziumdiox- 
yd. Diatomeenerde. Metalloxyden oder Schwefelund das organische Pulver ein Pulver aus Starke oder 
Crotyiidenharn ist. 

13. Verwendung einer Poly-3-Hydroxy-3-Alkylpropansaure zur Beschichtung eines kdrnigen Dungemitteis. 
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FIG. I 
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